Background. Restless legs syndrome (RLS) is more prevalent in chronic kidney patients than in the general population, but it is often diagnosed late and its predictors are unknown. Purpose. To diagnose RLS in a group of chronic kidney patients on dialysis, determine its frequency and severity, compare the prevalence and severity of the condition among dialytic modalities, and identify possible predictive factors in this population. Methods. An observational and cross-sectional study with 326 patients who had been on dialysis for more than 3 months, 241 on hemodialysis (HD) and 85 on automatic peritoneal dialysis (APD), using the criteria established by the International Study Group on RLS for the diagnosis and the RLS Rating Scale to determine its severity. Results. RLS was diagnosed in 19.3% of the patients, 52.4% with severe or very severe forms. Patients with and without RLS did not differ in clinical and demographic characteristics and dialytic modality; however, patients on APD presented higher RLS severity compared to the HD group. Conclusions. RLS is frequent in dialysis patients and occurs predominantly in its most severe forms; the dialytic modality seems to have no influence on its occurrence; however, it is more severe in patients on APD.
Introduction
Restless leg syndrome (RLS) is characterized by discomfort, usually in the legs, that causes an overwhelming, irresistible urge to move them, a need that is usually due to unpleasant sensations that worsen during periods of inactivity and that frequently compromises the patient's sleep [1] . It is often diagnosed late, especially when the symptoms are mild or nonspecific [2] .
RLS, like other sleep disorders such as insomnia, sleep apnea, and excessive daytime sleepiness, is commonly observed in chronic renal patients, with studies reporting an incidence of 17% to 62% in patients undergoing renal replacement therapy (RRT) [3] [4] [5] [6] [7] [8] . The negative impact of these disorders on quality of life (QoL), functional capacity, and survival is well established in the literature [9] [10] [11] [12] [13] [14] [15] .
The pathophysiology of its occurrence in patients with chronic kidney disease (CKD) is not well established. Authors have proposed several risk factors but the results of the many studies have been inconsistent [6] . The dialytic modality does not seem to interfere in the pathophysiology and incidence of the syndrome [16] ; however, recent studies report contrasting results [15, 17] .
RLS substantially compromises the quality of life (QoL) of the patient, especially when it occurs in its most severe form and is accompanied by depressive symptoms. Severe forms are usually associated with an increased risk of cardiovascular events and higher mortality [11] .
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The usual therapeutic measures are generally effective in chronic renal patients, so it is necessary to consider their diagnosis, severity, and identification of possible predictors of their occurrence in this population. And this is what this study aims to accomplish, using a representative sample of patients in a dialysis program.
Material and Method
This is an observational, cross-sectional study performed with chronic renal patients enrolled in a dialysis program at a reference unit in the city of Aracaju, Sergipe, Brazil. The patients were aged 18 or over, had been on dialysis for at least three months, were clinically stable, were able to communicate verbally, had no mental deficit, and had not undergone kidney transplantation or surgical amputation of the lower limbs. The local ethics committee approved the study (CAAE 00984012.0.0000.0058), and all patients who met the inclusion criteria signed the free and informed form, agreeing to participate in the study.
Data collection took place between April and July 2012. At that time, there were 430 patients on the dialysis program, of whom 326 agreed to take part in the study: 241 on hemodialysis and 85 on automatic peritoneal dialysis. The HD patient interview was performed at the time of dialysis, which occurs on alternate days with duration of 4 hours for each session; the clinic has 3 sessions per day. The APD patients were interviewed on the day of their monthly consultation with the physician. The data collection was carried out by personal interview by a clinical nurse specialist that was trained to administer the questionnaires. Patients were assessed for the presence of RLS by the four criteria of International Restless Syndrome Study Group (IRLSSG) [2] during the face-to-face interview. The questionnaires took approximately 30-50 min to complete. These criteria include unpleasant sensations in foots or legs which develop or are exacerbated during rest; are aggravate in the evening or at night; and are relieve with movement. Patients who fulfilled all four criteria are considered to have RLS and further evaluated by the self-questionnaire of IRLSSG severity scale.
Those who were diagnosed as having RLS answered another questionnaire with ten questions corresponding to the RLS International Rating Scale [18] translated and validated in Portuguese by Masuko et al. [1] . In this questionnaire, all the answers have a score ranging from 0 (corresponding to "none") to 4 (corresponding to "very large") and the final score represents the sum of the answers of the ten questions, 0 to 10 points, light; 11 to 20 points, moderate; 21 to 30 points, serious; and 31 to 40 points, very serious.
An evaluation form was completed to collect the clinicaldemographic information obtained from the electronic medical records of each patient. The following items were included: name, gender, marital status, occupation, schooling, dialysis mode (hemodialysis or peritoneal dialysis), type of vascular access (catheter or arteriovenous fistula), time in dialysis, baseline disease, comorbidities and most recent laboratory exams referring to hemoglobin blood levels, intact parathyroid hormone (iPTH), phosphorus, albumin, and ferritin.
Finally, in order to evaluate the impact of dialysis on the occurrence of RLS and its severity, patients on hemodialysis and peritoneal dialysis were analyzed comparatively.
The information obtained was compared and analyzed using the appropriate statistical methods using the program Statistical Package for Social Sciences (SPSS) 16.0 for Windows (SPSS Inc., Chicago, Illinois), with < 0.05 being considered for rejection of the null hypothesis.
Descriptive statistics of the studied population were presented in absolute frequency and percentage, in addition to mean and standard deviation and median. In the bivariate statistics, the following tests were applied: Chi-Square and the Odds Ratio (OR) to analyze the relationship between the diagnosis of RLS and categorical independent variables. In the case of ordinal variables, Student's t-tests were conducted, maintaining the same dependent variable (RLS diagnosis).
Results
The 326 patients studied had a mean age of 50.4 ± 15.9 years; 191 patients (58.6%) were men; 194 patients (59.5%) lived with a partner; and 203 patients (77.2%) had been on dialysis for over a year. The majority of the patients underwent hemodialysis (73.9%), through an arteriovenous fistula (59.2%). Hypertensive nephrosclerosis was the most common etiology (26.1%) and in 24.2% of patients the cause of CKD was not identified. Systemic arterial hypertension was the main comorbidity identified (271 patients, 83.1%). Sixty-three patients (19.3%) were diagnosed as having RLS. Tables 1 and 2 show the distribution of patients according to the dialytic modality and clinical-demographic characteristics, segregated according to the diagnosis of RLS. Patients with and without RLS did not differ in the variables studied.
The 63 patients with RLS answered the 10 questions of the International Rating Scale for the disease (1): 7.9% presented mild discomfort, 39.7% moderate discomfort, 32.8% severe discomfort, and 19.6% very severe discomfort. 67.3% of patients reported that their need to move their limbs was moderate to great; however, approximately 45% reported complete relief of discomfort when walking. The majority of patients reported that RLS was associated with impaired sleep quality (67.2%) and fatigue or somnolence (63.8%), of varying degrees of intensity. The symptoms in 39.7% of the cases lasted less than one hour per day; however 43.1% of the individuals reported that they occurred almost daily. For 37.9% of the interviewees, the symptoms of RLS did not affect their ability to perform normal activities, but 72.4% reported mood changes of varying degrees of intensity.
According to the results of the RLS International Rating Scale, most patients (52.4%) had RLS in its severe or very severe forms (Figure 1) .
RLS was diagnosed in 17.4% of the individuals who underwent hemodialysis, and in those patients the disease was mild or moderate (54.8%). With regard to patients who underwent peritoneal dialysis, RLS was identified in 24.7% of them and there was greater penetration of severe or very serious disease (66.6), but no statistically significant differences were observed between the two groups in terms of prevalence ( = 0.11).
Discussion
In this study we diagnosed RLS in 19.3% of the chronic renal patients who were in a dialysis program, and in 52.4% of them the disease was characterized as severe or very serious. No independent predictor of this syndrome was identified in the study population. Additionally, it was verified that patients with RLS on peritoneal dialysis presented different profiles in terms of the prevalence and severity of the disease compared to those on hemodialysis but with no statistical significance. It is estimated that RLS has a prevalence in the general population varying from 2 to 15%, depending on the characteristics of the individuals and the diagnostic criteria used, and that it is a common disorder in chronic renal patients in renal replacement therapy RRT [19] . Studies report rates of diagnosis of the disease in this population ranging from 17 to 62% [3] [4] [5] [6] [7] . The pathophysiology of RLS is still obscure, and its genesis may be uremia, as well as iron deficiency. It is thought to be a peripheral disorder, but studies of dopamine metabolism in the brain raise the possibility of central nervous system (CNS) origin, more specifically by the organic deficiency of hypothalamic dopaminergic cells that are the source of dopamine for the spinal cord [20] . Iron acts as a cofactor for the enzyme tyrosine hydroxylase, an important step in the synthesis of dopamine in the CNS. Thus, low levels of serum iron would cause a decrease in dopamine production, which, in itself, could lead to RLS [21] .
As reported for the general population, a strong association between RLS and serum levels of iron and ferritin has been reported in chronic renal failure, which is generally below 40 ng/mL [3, 13, [22] [23] [24] ; however, more recent studies have not confirmed these findings [21, 25] . Additionally, in dialysis patients it has been suggested that anemia, regardless of iron stores, may be the major cause of RLS development [14] . Patients with altered renal function produce less erythropoietin, with a consequent reduction of erythropoiesis, which, in a not yet fully understood way, reduces the cotransport of iron to the CNS and medulla [21] .
Regarding hemoglobin and hematocrit levels, the results diverge, in a study with hemodialysis patients only; there was a relationship between RLS in dialysis patients and a decrease in hemoglobin ( < 0.005) [26] ; however, other recent studies have not found any type of association [13, 17] . In a recent meta-analysis by Mao et al. [27] , in which 23 studies were included, dialysis patients with RLS had markedly lower levels of hemoglobin (Hb)/iron compared to non-RLS in global populations.
The median values of the laboratory test results for hemoglobin, iPTH, albumin, and phosphorus were in agreement with that recommended for this population. The median ferritin was above the recommended level. However, in 59.2% of the patients, the values were within the normal range, with only 14 patients (4.3%) having ferritin levels < 100 ng/mL, two of whom were diagnosed as having RLS (3.2% of RLS cases) [28] . However, it should be borne in mind that this marker reflects iron stores more accurately when they are reduced, since inflammation is highly prevalent in this population, and liver disease contributes to its elevation [29] . In addition, dialysis patients generally have strict hematimetric and iron store control, with the almost continuous use of erythropoiesis and iron supplementation agents.
CKD combined with hemodialysis, the most common dialysis modality, are among the chronic pathologies and therapies that most affect patients' QoL, with depression being a relatively common psychiatric disorder in this population. More broadly, a complex interaction between depression, QoL, clinical complications, and survival is observed in dialysis patients [30] . It has been shown that RLS can add to this effect and further substantially compromise the QoL of those it affects, with the most important factors being its severity and the presence of depressive symptoms [31] . Tuncel et al. [13] reported that the presence of RLS in hemodialysis patients negatively affects QoL and contributes to the occurrence of depression. In a cross-sectional study, Szentkiralyi et al. [12] found that those with chronic kidney disease and RLS had a higher prevalence of depressive symptoms than those without RLS (56% versus 22%, < 0.001).
In this series, we did not study the associations between RLS, QoL, and depression; however, in our previous study, in the same place, Salman [32] reported a significant lowering of the QoL level among 114 chronic hemodialysis patients, mainly in regard to physical aspects. Depression, with a prevalence of 28.9%, was the highest predictor of QoL, being associated with lower scores in all dimensions of the evaluation instrument used. A similar result was found in a recent study. Of the 400 patients interviewed, 19.3% had depressive symptoms and the main independent factors were poor sleep quality, unemployment, diabetes, hypoalbuminemia, low education, and pruritus [26] .
In the present analysis, we observed that the majority of patients had severe or very severe RLS, and it was notable that 67.2% of them reported impaired sleep quality, 63.8% reported drowsiness, 62.1% reported that the symptoms affected the performance of routine activities, and 72.4% reported having mood changes. These results corroborate current data showing that RLS is associated with poor sleep quality, excessive daytime sleepiness, depressive symptoms, and increased risk of obstructive sleep apnea [26] .
Increased severity of RLS has been associated with an increased risk of cardiovascular events and increased mortality and is thought to play a role in the pathogenesis of hypertension during sleep [11, 14] . Considering what has been reported in the literature, it is plausible that, due to the intensity of the symptoms observed in our patients, there is a substantial impairment in their QoL [13, 31] and a higher cardiovascular risk [11, 14] .
Considering that in the bivariate analysis there was no evidence of an association between the characteristics, a multivariate analysis to identify possible independent predictors for RLS was not performed, since no statistical significance was found in the bivariate analysis between the characteristics considered and restless leg syndrome. When segregating patients according to the dialysis modality, although there is International Journal of Nephrology 5 no statistical significance in terms of numbers, the severity profile of the disease appears to be different. There was a higher prevalence of RLS (24.7 versus 17.4%) and a higher percentage of patients perceived to be more severe (66.7 versus 45.2%) in patients on peritoneal dialysis than in those on hemodialysis. The quantitative study of individuals on peritoneal dialysis (85 patients) submitted to RLS evaluation in this study contrasts with the majority of publications in which only hemodialysis patients are considered in the analysis, perhaps because this is the predominant modality in most countries [32, 33] . Recent studies report contrasting results: Al-Jahdali [17] reported a significantly higher prevalence of RLS in APD patients than in hemodialysis patients (69 versus 46%). However, Merlino et al. [15] , investigating 86 patients (67.4% on hemodialysis), identified a higher prevalence of RLS in hemodialysis patients (19%) than in patients on APD (10.7%).
Conclusions
RLS is a common disease in dialysis patients and occurs predominantly in its most severe forms and should be investigated early and routinely in these patients, in order to apply the known effective therapeutic measures and prevent its well described negative outcomes. The dialytic modality does not seem to influence the occurrence of RLS and we did not identify other factors independently associated with it in this population. Further studies are needed to confirm whether other clinical-demographic factors predict its onset.
It is worth noting that this study presents a high number of patients compared to the articles already published; however, it presents the limitation of not being multicentric, and the lack of association between the characteristics considered and RLS did not allow us to identify independent predictors through a multivariate analysis.
Care of a dialysis patient should include special attention to the diagnosis and treatment of RLS, as it has a high prevalence in relation to the general population and presents in a severe form in this population, particularly in those on APD. Additional studies are needed in an attempt to identify possible predictors, since the characteristics analyzed in this study were not associated with the diagnosis.
